Anaesthesia and Intensive
risk-adjusted outcome across the 24-hour day.
Previous authors adjusted for severity of illness using the Acute Physiology and Chronic Health Evaluation (APACHE) version-II methodology 7 which was derived in 1982 and has a number of other limitations (e.g. exclusion of cardiac surgical patients). More accurate and robust risk-adjustment tools, such as the APACHE version III 8 -re-calibrated in 2001-are now available within the ANZICS APD dataset. This has been validated as an accurate prediction tool for ICU admissions in Australia 9, 10 .
MATERIALS AND METHODS
Two large datasets were extracted from the from 1.1.2003 to 31. 12.2004 . ICU readmission and status at hospital discharge were the primary outcome measures. The study population was subdivided into hourly cohorts according to the ICU discharge time of day. Time of admission to ICU was examined using private) and admission category (elective/emergency and medical/surgical). A separate analysis was disease. APACHE III incorporates variables for seven separate chronic health conditions. These were (all patients with an APACHE chronic health immunosuppression by disease or therapy, including leukaemia or lymphoma). The three subgroups were not mutually exclusive. These subgroups were included to identify patients in whom there was a greater likelihood of a poor outcome or treatment limitation in place at ICU discharge.
A second dataset (Dataset 2) comprised data from admissions, between 2000 and 2004. This population was subdivided into monthly and yearly cohorts to investigate seasonal and annual trends in ICU discharge timing and patient outcomes.
Definition of "after-hours discharge"
Crude and median (APACHE III) risk-adjusted mortality for each of the 24 hourly cohorts were compared to the median of the entire population (Dataset 1). We found that the risk-adjusted mortality for patients discharged from ICU between 1800 and 0600 hours was higher than the population median (Figures 1 and 2) and this time interval was these hours correspond to the hours outside the usual medical shift times (0800 to 1800 hours.)
Severity of illness and co-morbidity
Severity of illness on admission to the ICU was estimated using the APACHE III derived risk of death. The APACHE III methodology 8 incorporates a number of physiological, biochemical and demographic (e.g. age and chronic health status) variables to calculate a numerical score that, together with a weighting for diagnosis, is used to calculate the predicted risk of death. The methodology has not been validated for patients whose length of stay in ICU was less than four hours but the outcome of all patients has been included in this analysis.
Main outcome measures
The primary outcomes were crude, as were riskadjusted hospital mortality and re-admission to three groups: 1) discharged home, 2) discharged to another acute care hospital or 3) discharged to a rehabilitation facility or nursing home. Any patient who required one or more admissions to ICU within having a readmission. All readmissions were included irrespective of the time between their admissions to ICU, the cause of readmission and whether the patient subsequently survived or died. The denominator for mortality and readmission rate to ICU. The risk-adjusted mortality ratio was estimated by dividing the observed mortality by predicted mortality derived from the APACHE III methodology. The predicted risk of death is derived from variables on admission to ICU and predicts mortality at any time during the hospital admission.
survivors. Since most deaths occur in the ICU (see Results), the predicted risk of death for any given cohort of ICU survivors will always be higher than the observed mortality rate.
Statistics
Data were analysed using SAS Version 8.0 (SAS Institute Inc, Cary, NC, U.S.A.). Univariate comparisons were performed using Student's t, Wilcoxon rank-sum, Kruskal Wallis, chi square tests according to the type of data. To determine changes over time, parametric and non-parametric tests for trend were performed. Parametric data are presented as mean±standard deviation (SD). Non-parametric data are expressed as median and interquartile range (IQR). All P values less than 0.05 were considered using a method adapted from Cooper et al 11 Outcomes by hour of ICU discharge Figure 1 shows the variation in the number of ICU survivors and their mortality and readmission rate according to the hour of the day they were discharged from ICU. Most patients (81.8%) were discharged during daylight hours. Peak mortality (9.8%) and readmission (8.6%) rate were seen in patients discharged between 0300 and 0400 hours. The lowest post-ICU mortality (3.0%) was seen in patients discharged between 1000 and 1100 hours. The lowest readmission rates (3.3%) were seen for patients discharged in the morning between 0900 and 1100 hours. Figure 2 shows the variation in risk-adjusted mortality rate (calculated using the predicted risk of death from the APACHE III score on admission to according to the hour of the day of ICU discharge. The median value was 6.3% (95% CI=6.0-7.1). The risk-adjusted mortality for the cohorts discharged during the day between 0600 and 1759 hours were below this value. The cohort discharged in the hour between 0400 and 0459 was the only after-hours cohort that had a risk-adjusted mortality (5.9%) below the population median.
Relationship between admissions and discharges
There was no direct relationship between an individual patient's admission and discharge times (r 2 =0.0003, P=0.664). Admissions occurred at a more continuous rate throughout the 24 hour period. Of 84,859 patients for whom admission time was recorded, 47.0% were admitted after-hours (1800 to 0559). The APACHE III risk of death for these patients was higher (6.4%, IQR 1.7-22.8) than for those admitted during daylight hours (4.1%, IQR 1.3-14.8, P<0.0001). Table 1 shows univariate comparison of patients discharged during daylight hours and after-hours. Table 2 shows both the univariate odds ratio relating after-hours discharge to mortality and the multivariate odds ratio after adjustment for other factors. of death (OR 1.42, 95% CI 1.32-1.53); P<0.0001) even after adjusting for other available factors. Table 3 shows subgroup analysis of emergency vs. elective admissions and medical vs. surgical admissions. All subgroups showed the similar trends, with after-hours discharge subgroups having higher mortality and readmission rates. Patients who had been admitted to ICU for an emergency condition were more likely to be discharged after-hours than elective ICU admissions (P<0.001). The majority of elective admissions follow major surgical procedures. Medical patients were more likely to be discharged from ICU at night than surgical patients (P<0.001). were discharged after-hours. Figure 3 shows an increase in absolute number and proportion of patients (P<0.001) discharged after-hours between 2000 and 2004. Figure 4 shows the seasonal variation in after-hours discharge rates. The number and proportion of after-hours discharges increased during the winter months (June, July and August in the Southern hemisphere) as did the associated P=0.0015).
Univariate and multivariate comparison of daylight hours and after-hours

Subgroup analyses: emergency vs. elective admissions; medical vs. surgical admissions
DISCUSSION
In keeping with previous studies 1-4 , we have demonstrated increased mortality (absolute and riskadjusted) is associated with after-hours discharge from ICU. After-hours discharges were also at higher risk of readmission to ICU 1 . All subgroups demonstrated similar trends. Our estimate of increased mortality risk (1.42; 95% CI 1.32-1.53) was similar to that reported in other studies 1-4 , although slightly. mortality in ICU survivors ( Table 2 .) Of these three, the only one that is amendable to intervention is the timing of ICU discharge.
Studies from both the U.K. 2 and Australia 3 have indicated that after-hours discharge has become more prevalent in recent years. The study by Goldfrad 2 compared two time periods (1988 to 1990 and 1995 to 1998) . The study by Tobin 3 compared 1992 to 1994 with 2000 to 2002. Over a more recent time period (2000 to 2004) we have shown a continued trend to increasing after-hours discharges throughout Australia and New Zealand.
In addition we have observed that a greater proportion of after-hours discharges occur during winter months. Seasonal variation in admission to ICU (with a peak in winter) is a familiar phenomenon 12, 13 and has been reported from studies in the U.K. 14 . It is likely that increased pressure to admit patients directly led to the increase in after-hours discharges. An additional important discharged at night increases as more after-hours discharges occur during these months.
Why after-hours discharge from ICU should be known, but is likely due to a number of factors. Severity of illness at discharge from ICU is known to be associated with mortality 15, 16 . While we have no data to assess this in our patients, night discharges were sicker (higher APACHE III scores) on admission to ICU. Even after correcting for this we found an increased mortality rate associated with after-hours discharge.
The lower proportion of after-hours (18%) compared to daytime (82%) ICU discharges (despite admissions occurring more constantly throughout the 24-hour period), supports the premise that these groups differ in the triggers for discharge. It also suggests there is a perception that discharge from ICU during daylight hours is already known to be the ideal. The most common indication for an after-hours ICU discharge has been reported to be another (emergency) admission in the setting of 17 . The higher APACHE III scores of those requiring admission to ICU afterhours is likely to be associated with an awareness of urgency to admit to a critical care environment. When there is no ICU bed immediately available, this not only leads to the premature ICU discharge 2 of a patient who might otherwise have been kept in ICU longer but also delays admission of the next patient awaiting the vacancy in ICU. This is likely to impact adversely on the outcome of both patients 2, 18, 19 . Alternatively night discharges may occur because a patient's discharge is delayed due to a lack of available ward bed 20 . We were not able to assess this because we had no knowledge of the time a patient was deemed ready to leave ICU.
Discharge of patients to an environment where there is less surveillance, lower nurse-to-patient ratios (especially during the night shift hours of 2200 to 0700 hours) and less immediate access to experienced medical staff are all factors which might lead to increased mortality and readmission to ICU. 21 and paediatric 22 ICUs have been shown to reduce mortality. The same has been shown to be true in general wards 23, 24 . Separate high dependency units have been proposed as a means of reducing post-ICU mortality 25 . Beck et al 4 have advocated the use of scoring systems such as the Therapeutic Intervention Scoring System to identify patients at risk of premature discharge dependency environment.
Patients with treatment limitations at discharge from ICU are known to have higher mortality 1 . Discharge out of the ICU to a ward where the patient subsequently dies may in these cases represent care on the general ward. Such patients are however, less likely to be readmitted to ICU. In our study, afterhours discharge was associated with an increased risk of readmission to ICU. We also found that the treatment limitations and poorer outcomes, were more often discharged during the daytime (Table 1) . Furthermore, dependent, debilitated or terminally ill patients discharged alive from hospital are less likely to be discharged home and more likely to be discharged to high level care facilities such as residential aged care, rehabilitation institutions or indeed hospices. The proportion discharged to such locations was higher amongst daytime, not afterhours discharges from ICU. Thus it is unlikely that greater numbers of such patients explain the increased mortality with after-hours discharge.
The strengths of our study are the large numbers involved which allow subgroup (hourly) comparison of mortality and readmission rates. The large number of hospitals involved gives a representative picture of practices throughout Australia and New Zealand. However there are a number of limitations.
Our methodology, like others, was observational, and although these results support, they do not prove a causal relationship between discharge timing and patient outcome. There are two elements of our results that suggest a causal link. One is the association of ICU readmission rates and discharge timing. The second is the similarity in the rate of change of after-hours discharge rates and (post-ICU) mortality rates.
policies and availability of emergency services such as medical emergency teams outside of routine working hours. Nor do we know what effect premature discharge, delayed discharge and bed availability actually have on rates of discharge from ICU during the night. Prospective surveys and interventional studies aimed at reducing after-hours discharges are required to determine these relationships further and to attempt to reduce mortality and readmission.
Night discharges may be reduced by providing more intensive care and general ward beds during times of increased admission pressure, by prioritising the discharge of patients during the day to free intensive care beds in anticipation of the need to admit patients overnight and by providing facilities to admit patients overnight without 26 estimated that reducing premature discharges and keeping patients in ICU longer might lead to a reduction in mortality.
It is highly likely that excessive deaths can be reduced by reducing the number of patients discharged from ICU at night and at the same time providing better medical and nursing care on the receiving ward.
The mortality and morbidity associated with afterhours discharge is undeniable. Despite publications showing adverse outcomes with patients discharged during the night, there has been no decline in after-hours discharge. Indeed there has been an increase. Without the recognition by individual hospitals, organisational and national bodies, this is likely to continue. U.S. guidelines for discharge from lCU make no mention about night discharge 27 .
CONCLUSION
After-hours discharge from ICU is associated with increased risk of readmission and death in all subgroups of patients. There has been an increase in after-hours discharges from 2000 to 2004. The highest rate of after-hours discharge was during winter months. The risk of death increases as the proportion of patients discharged after-hours rises.
